Abstract Metastatic melanoma is one of the most deadly and evasive types of cancer. On average, cancer patients with metastatic melanoma survive only 6-9 months after diagnosis. Epidemiological and animal studies suggest that obesity increases the metastatic ability of malignant melanoma, though the mechanism is not known. In the present studies, we assessed the ability of 3T3L1 adipocytes to modulate B16BL6 melanoma cell invasion and the Epithelial-to-Mesenchymal Transition (EMT). For this purpose, we induced the differentiation of 3T3L1 fibroblasts to adipocytes. Then, we collected the cell culture media from both fibroblasts and adipocytes and determined their effect on the invasive ability and EMT gene expression of B16BL6 melanoma cells. Results show that adipocyte media increased that ability of B16BL6 cells to invade. The higher invasive ability of B16BL6 melanoma cells was associated with increased expression of EMT genes such as Snai1, MMP9, Twist, and Vimentin. Additionally, the expression of the cell-to-cell adhesion protein E-cadherin and the metastasis suppressor gene Kiss1 were down-regulated in these B16BL6 cells. Also, adipocytes had high levels of the pro-inflammatory cytokine Interleukin 6 (IL-6). Treatment of B16BL6 cells with IL-6 elicited similar effects as the adipocyte media; IL-6 promoted the invasive ability of B16BL6 melanoma cells, increased the expression of Snai1, and decreased Kiss1 expression. IL-6 neutralization, however, did not have a visible effect on adipocyte media-induced invasion and snai1 staining. In summary, adipocytes may increase the invasive ability of B16BL6 melanoma cells by promoting EMT and decreasing the expression of genes such as Ecadherin and Kiss1.
Introduction
Malignant melanoma accounts for about 4% of all skin cancer cases but is responsible for 75% of skin cancerrelated deaths, which is approximately 9,000 deaths per year, according to the American Cancer Society [1] . Current treatments for malignant melanoma are not very effective; as a result, metastatic melanoma patients typically survive for only about 6-9 months after diagnosis [2] . Studies suggest that obesity increases the ability of malignant melanoma to metastasize [3, 4] .
Approximately 60% of the U.S. population is considered overweight or obese [5] . In obesity, fat cells produce inflammatory factors such as the cytokine Interleukin 6 (IL-6), which can lead to the development of a low-grade inflammation environment [6] . This inflammation environment has been hypothesized to increases cancer risk [7] .
Studies show that obesity increases the risk of melanoma. Dennis et al. showed that obesity increased the risk of developing subcutaneous melanoma [8] ; furthermore, Samanic at al. demonstrated that obesity increased the risk of developing malignant melanoma [3] . In animal studies, Mori et al. showed that obesity promoted B16BL6 melanoma pulmonary metastasis [4] . The mechanism by which obesity exacerbates melanoma metastasis, however, is not completely known.
Our hypothesis is that the microenvironment surrounding the melanoma cells plays an important role in obesity's ability to promote metastasis. Obesity may cause a procancerous microenvironment by providing growth factors and inflammatory factors that can increase metastasis [9] . Some of the cells that comprise the cancer microenvironment include cancer-associated fibroblasts (FACs), macrophages (TAMs), and adipocytes [10] [11] [12] . These cancerassociated cells are capable of secreting factors that can impact cancer metastasis [13, 14] .
Our present objective is to determine if adipocytes promote melanoma metastasis. For this purpose, we differentiated 3T3L1 fibroblasts into adipocytes, and then investigated the effect of 3T3L1 fibroblast and adipocyte media on B16BL6 melanoma cell invasiveness and the Epithelial-to-Mesenchymal Transition (EMT). EMT is a critical cellular program for the initiation of the metastatic cascade [15] . Cancer cells with a mesenchymal phenotype have a higher propensity to metastasize than those with an epithelial phenotype [16] . Increased expression of the transcription factors Snai1 and Twist are associated with increased EMT and increased ability of cancer cells to migrate, invade, and metastasize [17, 18] . Furthermore, the aberrant expression of Snai1 and Twist can lead to a significant loss of cell-to-cell adhesion proteins such as Ecadherin [19] . The mesenchymal phenotype is also associated with high expression of Matrix Metalloproteases (MMPs) such as MMP9 that can degrade the extracellular matrix (ECM) and allow the cancer cells to metastasize [20] . Thus, inflammatory cytokines such as IL-6 may promote EMT and increase the metastatic ability of melanoma cells.
Furthermore, increased EMT has been associated with decreased expression of various metastasis suppressors [21] . Metastasis suppressor genes encode proteins that have the ability to inhibit the establishment of metastases [22] . Metastasis suppressor genes such as Kiss1 can inhibit the metastatic ability of melanomas [23] . Thus, it is feasible that adipocytes secrete factors that promote the metastatic ability of melanomas by increasing the expression of prometastatic EMT genes and by decreasing the expression of metastasis suppressors such as Kiss1.
In the present study, we show that adipocyte media increased B16BL6 cell migration and invasion. Increased motility and invasion are hallmarks of metastasis and rely on the induction of EMT [24] . We further show that adipocyte media increased the expression of EMTassociated genes such as Snai1, Twist, MMP9, and Vimentin while the expression of E-cadherin and Kiss1 were decreased in B16BL6 cells by exposure to the adipocyte media. Lastly, we show that the cytokine IL-6, which was increased in adipocytes, could also promote B16BL6 cell invasion, increase Snai1 expression, and decrease Kiss1 expression to levels comparable to the adipocyte media. Thus, results suggest that adipocytes may increases the metastatic ability of melanoma cells via inflammatory factors, such as IL-6.
Methods and Procedures
Cancer Cells and Cell Culture Reagents B16BL6 melanoma cells were kindly provided by Dr. Isaiah J. Fidler, University of Texas MD Anderson Cancer Center, Houston TX. They were maintained in high glucose Dulbecco's modified minimum essential medium (DMEM) (Invitrogen, Carlsbad, CA) containing 10% heat-inactivated fetal bovine serum (Invitrogen) and 1% antibioticantimycotic solution (CellGro, Manassas, VA), and grown at 37°C in a humidified atmosphere of 5% CO2. For cell culture studies, B16BL6 cells were treated with 5% adipocyte media, 5% fibroblast media, or control DMEM with no phenol red (Invitrogen). Purified IL-6 was purchased and reconstituted in PBS containing 0.1% BSA to a concentration of 10 ug/mL and stored in −80°C until used (R&D Systems, Minneapolis, MN). Cells were treated with 1 ng/mL IL-6 in control DMEM for the IL-6 treatments at the various time points.
Differentiation of 3T3L1 Fibroblasts to Adipocytes
To test the effect of 3T3L1 adipocytes on B16BL6 cell invasion and EMT gene expression, 3T3L1 fibroblasts were purchased from the American Type Culture Collection (ATCC, Chicago, IL; no. CL-173). They were maintained in DMEM supplemented with 10% FBS until they were differentiated into adipocytes as described previously [25] . Adipocyte differentiation was confirmed through visual observation of lipid droplets as well as Oil Red O staining as previously described [26] . For collection of fibroblast or adipocyte media, 3T3L1 cells were split into two equal plates. For fibroblast-conditioned media, cells were allowed to proliferate until the plate was 70% confluent. Cells were rinsed twice with PBS, and DMEM was subsequently added. After 24 h, the media was collected, centrifuged at 10,000 rpm for 10 min at 4°C, and the supernatant was collected and stored at −80°C (Fibroblast Media). The other plate was differentiated into adipocytes accordingly, and after full differentiation (day 14), adipocytes were rinsed twice with PBS, and DMEM was subsequently added. After 24 h, the media was collected, centrifuged at 10,000 rpm for 10 min at 4°C, and then the supernatant was collected and stored at −80°C (Adipocyte Media). These conditioned media were then used to determine their effect on B16BL6 melanoma migration and invasive ability as well as their ability to influence the EMT phenotype.
IL-6 Neutralization of Adipocyte Media
Adipocyte media was thawed on ice before being incubated with 2 ug/mL of IL-6 antibodies (Ambion/ Applied Biosystems, Austin, TX) on a rotary shaker for 4 h at 4°C. 100 uL of Protein A/G agarose slurry (Pierce Thermo Scientific, Waltham, MA) was added and subsequently incubated overnight at 4°C. Then, the media was centrifuged at 10,000 rpm for 5 min at 4°C to remove the beads. The supernatant was collected and stored at −80°C. This media was referred to as IL6-neutralized adipocyte media throughout this manuscript. A decrease in IL-6 expression was confirmed with western blot analysis before the media was used for subsequent assays.
Wounding Assay
To determine the effect of adipocyte media on B16BL6 cell migration, we performed the wounding assay. Cells were plated to 100% confluency and a scratch was drawn in the middle of the plate. The decrease in gap distance was measured over time and quantified; the larger the gap distance that remained after a given time point, the less the cells have migrated. Briefly, B16BL6 cells were grown on a 24-well plate until they were confluent. Then, cells were grown in FBS-free DMEM overnight. The next day, wells were washed twice with PBS and a scratch was drawn on each well using a p200 pipette tip. After two more washes with PBS to get rid of cell debris, the following cell culture media was added: 5% adipocyte media, 5% fibroblast media or control DMEM. Each well was photographed at the time of treatment (0 h) and after 16 h of incubation (16 h) at 40X. The difference in gap distance was measured (16 h time point -0 h time point) to quantify cell motility. Each experiment was repeated three times with each group having 3 wells per experiment.
Invasion Assay
The effect of adipocyte media on B16BL6 cell invasion was determined by the Boyden chamber invasion assay. In this assay, the top chamber was previously coated with BD Matrigel™ that is composed of various extracellular matrix proteins such as laminin and collagen (BD Biosciences, Franklin Lakes, NJ). Cells were FBS-starved overnight, then rinsed with PBS before being trypsinized and counted by hemocytometry. 100,000 cancer cells were placed in the top chamber in serum-free DMEM with 0.1% Bovine Serum Albumin (BSA). The lower chamber was filled with DMEM (control), 5% adipocyte media, 5% IL-6 neutralized adipocyte media, 5% fibroblast media, or DMEM containing 1 ng/mL IL-6. Cells were allowed to invade from the top side towards the bottom side of each chamber for 28 h. Cells that invaded to the bottom side were fixed and stained using Siemens Diff-Quick Stain Set (Siemens, Malvern, PA). Stained cells were visualized and quantified by microscopy. To determine the average number of cells that migrated for each well, we counted 3 random fields in each well at 200X; each treatment had three individual wells. Three separate experiments were carried out.
Quantitative Real-Time PCR (qRT-PCR)
To determine the effect of adipocyte media on the expression of several genes associated with EMT, qRT-PCR was performed. Total RNA was collected from cells that were FBS-starved overnight and treated with control media, 5% fibroblast media, 5% adipocyte media, or 1 ng/ mL IL-6 for the stated amount of time. RNA was extracted using an RNeasy Mini Kit according to the manufacturer's instructions (Qiagen, Valencia, CA). Reverse transcription was performed with the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA), using 1 μg of RNA for each reaction. Primers for 18S, Snai1, MMP9, Twist, Vimentin, E-cadherin, and Kiss1 were purchased from Integrated DNA Technologies (IDT, Coralville, IA) ( Table 1) . qRT-PCR was performed with a SYBR GreenER qPCR kit (Invitrogen) in a Mastercycler ep Realplex Real-time PCR thermocycler (Eppendorf North America, Hauppauge, NY). The relative expression levels of target genes were normalized to the housekeeping 18S rRNA. Amplification specificity was confirmed by melting curve analysis. Each gene was measured in quadruplicate, and the average ΔCt was taken from the 4 wells before fold change was calculated using the ΔΔCt method. At least three separate experiments were carried out.
Western Blot Analysis
To determine the protein expression of IL-6 in 3T3L1 fibroblasts and 3T3L1 adipocytes, Western blot analysis was carried out on whole cell lysates. 3T3L1 fibroblasts and differentiated 3T3L1 adipocytes were washed twice with PBS before being lysed in 300 uL RIPA buffer (Thermo Scientific) supplemented with a protease inhibitor cocktail (Roche, South San Francisco, CA). After 45 min incubation on ice, cells were centrifuged at 10,000 rpm for 10 min at 4°C. The supernatant was collected and protein concentration was measured using the Bradford Assay. 100ug of protein was loaded and run on an SDS-PAGE gel at 100-150 V for 1 h. The gel was subsequently transferred to a PVDF membrane, blocked in 5% milk, washed numerous times in TBST, and blotted with appropriate antibodies and HRP-conjugated secondary antibodies before incubation with ECL and film exposure. Membranes were probed using primary antibody for IL-6 (Abcam, Cambrigde, UK; no.ab6672) and β-actin (Cell Signaling, Danvars, MA, no. 4967 L) and respective secondary antibodies (Cell Signaling, no. 7074; and Santa Cruz Biotechnology Inc., Santa Cruz, CA, no. 2768).
We also measured the protein expression of IL-6 Receptor α and Snai1 in B16BL6 cells as a response to the various treatments. For this purpose, B16BL6 cells were grown to about 70% confluency in 10 cm 3 plates. Cells were rinsed with PBS and then FBS-starved overnight. Then, cells were treated with control DMEM, 5% adipocyte media, 5% fibroblast media, or 1 ng/mL IL-6 in DMEM. After the various time-point treatments, cells were rinsed twice with PBS, trypsinized, and centrifuged at 10,000 rpm for 5 min at 4°C. The supernatant was discarded, and the pellets were stored in −80°C overnight. Total protein was collected and quantified as described above. For western blotting, 100 ug of protein samples were loaded in each well, ran, and transferred to a PMSF membrane before being probed for IL-6 Receptor α (Santa Cruz Biotechnology Inc., IL-6Rα (H-300), no. 13947), Snai1 (Abcam, no. 63371), and β-actin.
Flow Cytometry B16BL6 cells were grown to 70% confluency in 6 cm 3 plates. Cells were rinsed with PBS and FBS-starved overnight. Then, cells were treated with control DMEM, 5% adipocyte media, or 1 ng/mL IL-6 in DMEM. After the various time point treatments, cells were rinsed with PBS, trypsinized, and centrifuged at 10,000 rpm for 5 min at 4°C. The supernatant was decanted and the pellet was subsequently vortexed thoroughly to make a single cell suspension. Cells were resuspended in 1 mL cold PBS. Cells were subsequently added drop-wise into 2 mL of cold 100% ethanol while vortexing and stored at −20°C for up to 1 week. Then, 2 mL of this solution containing the cells were centrifuged at 1,600 rpm for 4 min at 4°C. Cells were washed twice with PBS, then permeabilized with 0.1% triton-X100/PBS and treated with antibodies against Snai1 or Kiss1 (Santa Cruz Biotechnology Inc., no. sc-18134) and appropriate fluorescently-conjugated secondary antibodies (Cell Signaling, no. 4412; and Abcam, no. ab6949) as recommended by the manufacturer before being subjected to flow cytometry. Mean fluorescent intensity was used as a measure of protein expression.
Immunofluorescence Microscopy
Wax pencils were used to mark a closed circle on microscope coverslips. B16BL6 cells were plated into the circles and allowed to attach for 24 h before being FBS-starved overnight. They were subsequently treated with 5% adipocyte media, 5% IL-6 neutralized adipocyte media, 1 ng/mL IL-6, or control DMEM for 24 h. Cells were washed twice with PBS and fixed in 4% formalin/PBS for 10 min. Then, cells were subsequently washed twice with PBS before being stored in PBS at 4°C overnight. The next day, cells were permeabilized with 0.1% Triton-X100/PBS and neutralized with 100 uM glycine/PBS, before being treated with antibodies against Snai1 or Kiss1 and appropriate fluorescently-conjugated secondary antibodies (Cell Signaling and Abcam) as recommended by the manufacturer. After three washes with 0.2% Tween20 in PBS, cells were counterstained with two drops of DAPI/ antifade (Millipore) according to the manufacturer's instructions for detection of cellular nuclei. After 15 min of incubation, coverslips were placed onto microscope slides and sealed with nail polish, and images were taken with the Zeiss Axiovert 200 M fluorescent microscope at UT Austin's ICMB Core Facility. Images of control and experimental cells were acquired under identical exposure conditions for comparative analysis.
Statistical Analysis
Experiments were analyzed for significance using the independent Student'st-test or One-way ANOVA in SPSS (PAWS version 18). P-values≤0.05 were considered signif- icant, and all data is represented as the mean ± SEM where appropriate.
Results

Adipocyte Media Promotes B16BL6 Cell Motility and Invasion
We determined the effect of adipocyte media on B16BL6 cell motility and cell invasion. Results show that adipocyte media promoted the migration and invasion of B16BL6 cells to a higher degree than DMEM alone or fibroblast media (Fig. 1a,b) .
Adipocyte Media Affects EMT Gene Expression in B16BL6 Cells
To better understand the mechanism by which adipocyte media affects the invasive phenotype of B16BL6 cells, we determined the effect of adipocyte media on the expression of genes associated with the Epithelial-to-Mesenchymal Transition (EMT). Cancer cells with a more mesenchymal phenotype metastasize better than those that have an epithelial phenotype [16] . The mesenchymal phenotype is associated with the expression of transcription factors such as Snai1 and Twist, MMPs such as MMP9, and the intermediate filament protein Vimentin [21, 27] . Results show that adipocyte media increased the expression of Snai1, Twist, MMP9, and Vimentin in B16BL6 cells (Fig. 2) . Adipocyte media also decreased the expression of the cell-to-cell adhesion marker E-cadherin in B16BL6 cells (Fig. 2) . EMT has been associated with a decreased expression of various metastasis suppressor genes, including Kiss1 [21] . Our results are consistent with this finding, as we show that the expression of Kiss1 is reduced by adipocyte media in B16BL6 cells (Fig. 2 ).
IL-6 Treatment Increases B16BL6 Cell Invasion
We measured the expression of the inflammation marker IL-6 in both 3T3L1 fibroblasts and 3T3L1 adipocytes. The protein expression of IL-6 is higher in 3T3L1 adipocytes than in 3T3L1 fibroblasts (Fig. 3a) . Thus, it is feasible that adipocytes promote the aggressiveness and EMT phenotype in B16BL6 melanoma cells via IL-6. In fact, we show that adipocyte media increased the expression of the IL-6 Receptor α (IL-6Rα) in B16BL6 melanoma cells in a time-dependent manner (Fig. 3b) . In addition, we show that direct treatment of B16BL6 melanoma cells with IL-6 also increased the expression of IL-6Rα (Fig. 3c) . We next determined the ability of IL-6 to affect the invasive ability of B16BL6 melanoma cells. Results show that IL-6 treatment increased cell invasion to levels comparable to that induced by adipocyte media (Fig. 3d,e) . To determine the role of IL-6 found in the cell culture media, we neutralized it using antibodies against IL-6, then determined the ability of this IL6-neutralized adipocyte media on its ability to stimulate B16BL6 invasion. Results show that neutralization of IL-6 did not alter the ability of the adipocyte media to affect the invasive ability of B16BL6 cells (Fig. 3d,e) . Thus, it is feasible that IL-6 may not be the only contributing factor found in the adipocyte media that can affect the invasiveness of B16BL6 cells. Future studies that fully inhibit the IL-6/IL6Receptor signaling pathway are necessary, however, to completely rule out the importance of IL-6 in the ability of adipocyte media to affect the aggressiveness of B16BL6.
IL-6 Affects the Expression of Snai1 and Kiss1 in B16BL6 Cells
To determine if the effects of IL-6 on the expression of IL-6Rα correlated with changes in the expression of Snai1 and Kiss1, we measured both their mRNA and protein levels in Fig. 1 Adipocyte media increases B16BL6 cell invasion. B16BL6 cells were exposed to 5% adipocyte media, 5% fibroblast media, or control DMEM for the wounding and invasion assay. a In the wounding assay, B16BL6 cells were exposed to their respective media for 16 h, and distance migrated was calculated. b In the invasion assay, B16BL6 cells were exposed to their respective media for 28 h, and number of cells that invaded was determined. The data are representative of three separate experiments, presented as ± SEM (*p<0.05) B16BL6 cells. Results show that Snai1 mRNA and protein levels were increased by IL-6 treatment (Fig. 4a,c) . This effect of IL-6 on Snai1 was also observed with adipocyte media, which increased the protein expression of Snai1 in a time-dependent manner (Fig. 4b) . In contrast, fibroblast media did not affect the expression of Snai1 in B16BL6 cells (data not shown). We determined that adipocyte media and IL-6 treatment affected Snai1 nuclear levels. For this purpose, we used immunofluorescence microscopy. Results show that Snai1 was increased in the nucleus of B16BL6 cells as a result of adipocyte media and IL-6 treatment (Fig. 4d) . However, IL-6 neutralized adipocyte media also increased Snai1 nuclear staining in B16BL6 cells (Fig. 4d) . Thus, it is feasible that other factors in the adipocyte media affect Snai1 expression. All together, our results support the notion that IL-6 can increase Snai1 expression as previously observed in other cancers [28, 29] .
Because we show that both adipocyte media and IL-6 treatment increased the ability of B16BL6 cells to invade, we rationalized that these treatments may affect the expression of metastasis suppressor genes. We chose to determine the effect of IL-6 treatment on the expression of Kiss1 because it has been shown to be decreased during the EMT [21] . Results show that IL-6 treatment decreased Kiss1 mRNA and protein expression in a time-dependent 
D.
Adipocyte Media -IL6 Fig. 3 IL-6 treatment increased B16BL6 cell invasion. a IL-6 protein expression was increased in 3T3L1 adipocytes compared to 3T3L1 fibroblasts as observed by Western blot analysis. b B16BL6 cells were exposed to 5% adipocyte media for the given time period, and IL-6Rα levels were measured by Western blot analysis. c B16BL6 cells were exposed to 1 ng/mL IL-6 for the given time period, and IL-6Rα levels were measured by Western blot analysis. d B16BL6 cells were exposed to 1 ng/mL IL-6, 5% adipocyte media, 5% IL-6 neutralized adipocyte media, or control DMEM for 28 h in the invasion assay. The average number of cells that invaded when exposed to each treatment was calculated and quantified. e Representative pictures of fields used to quantify cell invasion in d). The data are representative of at least three separate experiments and presented as ± SEM where appropriate (*p<0.05) manner (Fig. 5a,b) . Immunofluorescence microscopy experiments confirmed these results and showed that both IL-6 and adipocyte media treatment decrease Kiss1 expression at the protein level (Fig. 5c) . Thus, results suggest that both IL-6 and adipocytes affect EMT.
Discussion
Overall, our findings show that adipocytes increase the malignancy of B16BL6 melanoma cells. We show that adipocyte media increased the ability of B16BL6 cells to migrate and invade. These effects of adipocyte media on the malignant phenotype of melanoma cells correlated with changes in EMT gene expression. We show that the expression of Snai1, Twist, MMP9, Vimentin, Ecadherin, and Kiss1 are modulated by adipocyte media. Additionally, we show that adipocytes express high levels of the cytokine IL-6. Moreover, treatment of B16BL6 with IL-6 elicited effects similar to those of adipocyte media on the ability of melanoma cells to invade. IL-6 treatment also increased the expression of Snai1 and decreased the expression of Kiss1 in B16BL6 cells. However, neutralization of IL-6 in the adipocyte media did not alter the effects of adipocyte media on the invasive phenotype of B16BL6 cells and on the expression of Snai1.
Evidence by others suggests that the EMT plays an important role in the metastatic ability of cancer cells [15] . In particular, cancer cells that have acquired a mesenchymal phenotype metastasize more than those with an epithelial phenotype [16] . The expression of Snai1 and Twist is highly correlated with the mesenchymal phenotype [24] . In fact, others have shown that the mesenchymal phenotype and metastatic ability of melanomas are increased with Snai1 and Twist overexpression [19, 21, 30] . This is pertinent to melanomas because those with an epithelial phenotype are less aggressive than those with a mesenchymal phenotype [31] . As cancer cells transition towards a mesenchymal phenotype, they often lose the expression of cell adhesion proteins that keep the cells anchored together such as E-cadherin [32] . In some cancers, both Snai1 and Twist are thought to decrease the expression of E-cadherin [33, 34] . We show that adipocyte media increased the expression of Snai1 and Twist, and correspondingly decreased the expression of E-cadherin. Moreover, adipocyte media increased the expression of MMP9. Others have shown that Snai1 can increase the expression of MMP9, a protein that can degrade the extracellular matrix [35] . The degradation of the extracellular matrix may allow cancer cells to escape into the blood or invade secondary tissues [36] . Therefore, adipocytes may promote EMT by affecting the expression of Snai1 and Twist, which subsequently affect E-cadherin and MMP9 expression levels, thus allowing melanoma cells to invade and establish metastases.
Interestingly, EMT has been associated with decreased expression of the metastasis suppressor gene Kiss1 [21] . Kiss1 was originally discovered for its ability to suppress the metastatic ability of two human melanoma cell lines [37] . Studies suggest that one anti-metastatic function of Kiss1 may be to decrease the expression of Matrix Metalloproteases (MMPs), such as MMP9 [38] . This would contribute to the inhibition of B16BL6 cell invasion. Others also show that Kiss1 is down-regulated in cancer cells that acquire a mesenchymal phenotype [21] . We found that treatment of B16BL6 melanoma cells with adipocyte media led to decreased expression of Kiss1. Thus, adipocytes may simultaneously induce the expression of EMT genes and down-regulate the expression of Kiss1, which allows the melanoma cells to become more aggressive.
It is feasible that adipocytes affect the malignant phenotype of melanomas via multiple factors, including the Transforming Growth Factor (TGF-β). Others have shown that TGF-β plays a crucial role in EMT [39] [40] [41] . Interestingly, TGF-β is produced by 3T3L1 adipocytes [42, 43] ; moreover, it is highly expressed in the adipose tissue of obese individuals [43, 44] . Thus, it is possible that the TGF-β in the adipocyte media was also partly responsible for the increase in cell invasion and Snai1 expression as others have already confirmed a positive relationship between TGF-β and Snai1 expression as well as cell invasiveness [40, 45] . This may be part of the reason why IL-6 neutralization did not have an observable effect in our study. Interestingly, TGF-β and IL-6 are not only produced cooperatively during inflammation, but it has been shown that the production of IL-6 is dependent on TGF-β ? ? Fig. 6 Proposed mechanism by which adipocyte media increases the metastatic ability of B16BL6 melanoma cells. Obesity is characterized by excess number of fat cells, which secrete high levels of factors such as IL-6. These factors may increase EMT by up-regulating the expression of Snai1, MMP9, Twist, and Vimentin, thereby increasing the invasive ability of B16BL6 melanoma cells. Moreover, this procancerous environment may simultaneously decrease the expression of cell-to-cell adhesion proteins such as E-cadherin and the metastasis suppressor Kiss1, further increasing the metastatic phenotype of melanoma cells signaling in the tumorigenicity of certain cancers [46] . Thus, though TGF-β may be an important factor, because we show that 3T3L1 adipocytes express high levels of IL-6 and show that IL-6 alone could increase B16BL6 cell invasiveness, increase Snai1, and decrease Kiss1 expression, we have not completely ruled out the importance of IL-6 in the ability of adipocytes to affect EMT and the malignant phenotype of melanomas. IL-6 may be sufficient to increase cell invasion and snai1 expression, but it may not be the only contributing factor found in the adipocyte media that could be affecting the invasiveness of B16BL6 cells. In summary, as Fig. 6 depicts, our results suggest that adipocytes may affect the malignancy of melanoma cells by promoting EMT and subsequently decreasing the expression of the metastasis suppressor Kiss1 partly through the IL-6 signaling pathway.
